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
3HULRGLF6WUXFWXUHWRZDUGVWKH7HUDKHUW]5HJLRQ
0DQXIDFWXUHG8VLQJ+LJK5HVROXWLRQ'3ULQWLQJ
$EVWUDFW²3HULRGLFVWUXFWXUHVXVHGIRUKLJKSRZHUPLOOLPHWUH
DQG VXEPLOOLPHWUH VRXUFHV WKDW LPSOHPHQW UHODWLYLVWLF EHDP ±
ZDYHLQWHUDFWLRQVKDYHKLVWRULFDOO\LQYROYHGWKHLPSODQWDWLRQRID
GLHOHFWULFOD\HUDURXQGWKHLQQHUZDOORIWKHLQWHUDFWLRQUHJLRQRU
DSHULRGLFFRUUXJDWHGVWUXFWXUHWKDWVHUYHVWRUHGXFHWKHYHORFLW\
RI DQ LQWHUQDO HOHFWURPDJQHWLF ZDYH 0RYLQJ WRZDUGV WKH 7+]
UHJLPHWKHSK\VLFDOGLPHQVLRQVUHTXLUHGWRPDQXIDFWXUHVXFKD
FDYLW\ EHFRPH SURKLELWLYHO\ GLIILFXOW 2QJRLQJ DWWHPSWV WR
GHYHORS PDQXIDFWXULQJ SURFHVVHV WKDW SURYLGH KLJKHU UHVROXWLRQ
KDYH UHVXOWHG LQ D QXPEHU RI YLDEOH WHFKQLTXHV $GGLWLYH
0DQXIDFWXULQJRU'SULQWLQJRIIHUVWKHSRVVLELOLW\RISURGXFLQJ
FRPSRQHQWVRQWKLVVFDOHTXLFNO\DQGHIILFLHQWO\+HUHDQG
7+]SHULRGLF VWUXFWXUHVDUH UHDOLVHGXVLQJKLJKUHVROXWLRQ 
PLFURQ'SULQWLQJWHFKQRORJ\
.H\ZRUGV²' SULQWLQJ 3HULRGLF 6XUIDFH /DWWLFH 7HUDKHUW]
UDGLDWLRQ
, ,1752'8&7,21
9DFXXP HOHFWURQLFV KDV SURYLGHG D PHDQV E\ ZKLFK WR
SURGXFH KLJK SRZHU UDGLDWLRQ LQ WKH PLOOLPHWUH DQG VXE
PLOOLPHWUH UDQJH >@ 6XEVHTXHQW GHYHORSPHQW RI QHZ DQG
QRYHO ZD\V RI SURPRWLQJ HQHUJ\ H[FKDQJH IURP UHODWLYLVWLF
HOHFWURQV EHDPV WR VSDWLDOO\ FRQILQHG HOHFWURPDJQHWLF ILHOGV
KDV DOORZHG 0: RXWSXW SRZHUV DW IUHTXHQFLHV RI a *+]
>@ .DEDQG ± *+] DQG :EDQG ± *+]
VWUXFWXUHVZLWK'Ȝ§ZKHUH'LVWKHDSHUWXUHGLDPHWHUDQG
Ȝ WKH ZDYHOHQJWK ZHUH ERWK PDQXIDFWXUHG E\ PLOOLQJ
VLQXVRLGDO SHUWXUEDWLRQV RQ WKH RXWHU ZDOO RI DQ DOXPLQLXP
IRUPHUDQGHOHFWURGHSRVLWLQJFRSSHUGLUHFWO\RQWR WKH VXUIDFH
>@7KHDOXPLQLXPZDV WKHQGLVVROYHG LQD VWURQJDONDOLQH
VROXWLRQ OHDYLQJ WKH FRSSHU 36/ VWUXFWXUH ZLWK WKH
SHUWXUEDWLRQV RQ WKH LQQHU VXUIDFH 0RYLQJ IURP .DEDQG WR
:EDQG ZDV SRVVLEOH DV WKH SHUWXUEDWLRQ DPSOLWXGH RI 
PLFURQV ZDV  QRW OLPLWHG E\ WKH PDQXIDFWXULQJ WROHUDQFHV RI
WKH+$$670&(PLOOLQJPDFKLQHPPPD[LPXPWRRO
VSHHGRIUHYROXWLRQVSHUPLQXWH8SJUDGLQJWKH+$$6
70&( PLOOLQJ PDFKLQH ZLWK LQVWDOODWLRQ RI KLJK VSHHG
FRPSUHVVHGDLUGULYHQWRROLQJIRUXVHZLWKVPDOOHUVL]HGWRROV
ZLWK VSHHGV RI XS WR  UHYROXWLRQV SHU PLQXWH ZRXOG
HQDEOHHYHQKLJKHUWROHUDQFHVWREHDFKLHYHG
$ ' 3HULRGLF 6XUIDFH /DWWLFH 36/ ZDV VXFFHVVIXOO\
FUHDWHGXVLQJ D FRQYHQWLRQDO PHFKDQLFDO PLOO WR PDQXIDFWXUH
WKHDOXPLQLXPIRUPHUZLWKWKHFRSSHUHOHFWURGHSRVLWHGRQWKH
DOXPLQLXPDQGWKHQGLVVROYHGDZD\*RRGDJUHHPHQWEHWZHHQ
WKHRUHWLFDO SUHGLFWLRQV DQG H[SHULPHQWDO PHDVXUHPHQW RI WKH
WUDQVPLVVLRQ SURSHUWLHV RI WKH ' 36/ XVLQJ WKLV
PDQXIDFWXULQJ WHFKQLTXH ZDV DFKLHYHG >@ ,W EHFDPH FOHDU
KRZHYHUZKHQPRYLQJEH\RQG:EDQGDQGFHUWDLQO\LQWRWKH
7+] UHJLRQ ZKHUH SHUWXUEDWLRQ DPSOLWXGHV ZRXOG SRWHQWLDOO\
EH RQ WKH PLFURQ VFDOH D PRUH DFFXUDWH KLJKHU SHUIRUPDQFH
PLOO>@RUDQHZPDQXIDFWXULQJWHFKQLTXHZRXOGEHUHTXLUHG
' SULQWLQJ UHSUHVHQWV WKH QH[W VWDJH RI DQ RQJRLQJ SURFHVV
ZKHUH VPDOOHU DQG VPDOOHU FRPSRQHQWV FDQ EH PDQXIDFWXUHG
ZLWK LQFUHDVLQJ SUHFLVLRQ 1RZ DW WKLV HDUO\ VWDJH WKH '
SULQWLQJSURFHVVRIIHUVWKHSRVVLELOLW\RISURGXFLQJREMHFWVWKDW
KDYH UHVROXWLRQV RQ WKH  PLFURQ VFDOH 7KH WROHUDQFHV
DFKLHYDEOH ZLWK ' SULQWLQJ DUH SURMHFWHG WR GHFUHDVH RYHU
WLPHDVWKHWHFKQRORJ\GHYHORSVUHVXOWLQJLQDKLJKHUGHJUHHRI
DFFXUDF\
,, 5(68/76
' SULQWLQJ ZDV RULJLQDOO\ GHYHORSHG LQ WKH PLG ¶V
>@'SULQWLQJRIVWUXFWXUHVVXFKDVWKRVHPRGHOOHGLQILJ
LV DQDGGLWLYHSURFHVVE\ ZKLFKFRQVHFXWLYH OD\HUV LQ WKH[]
SODQH DUH GHSRVLWHG VHTXHQWLDOO\ LQ WKH YH \ GLUHFWLRQ
UHVXOWLQJLQWKH'36/VVKRZQLQILJ7KHSULQWLQJSURFHVV
IROORZV WKH SDWWHUQ LQ D JLYHQ &$' LQSXW ILOH XVXDOO\ LQ WKH
67/ 6WHUHROLWKRJUDSK ILOH IRUPDW ZKHUH HYHU\ IDFH LV EXLOW
IURP D VHULHV RI LQWHUFRQQHFWHG WULDQJOHV UHSUHVHQWHG E\ 
VHSDUDWH ELW IORDWLQJSRLQW &DUWHVLDQ FRRUGLQDWHV 7KH
SK\VLFDOSDUDPHWHUV IRU WKUHHVHSDUDWH'36/VDUHVKRZQ LQ
WDEOHVDQG 0DLQWDLQLQJ'Ȝ§ WKHVH VWUXFWXUHVKDYH
DQ RSHUDWLQJ IUHTXHQF\ RI   DQG7+] DQG KDYH HDFK
EHHQ SURGXFHG E\ WKH VDPH PDQXIDFWXULQJ SURFHVV ZLWK WKH
H[FHSWLRQRIWKH7+]36/ZKLFKGLIIHUVLQWKDWWKHRULJLQDO
VKDSHZDV'SULQWHGLQZD[DQGWKHILQLVKHGSDUWZDVFUHDWHG
IURPDPROGRIWKDWIRUPHU0RUHRIWHQQRZWKHQHZ;'ILOH
IRUPDW LV LPSOHPHQWHG ZKLFK LQFRUSRUDWHV WKH ;0/
SURJUDPPLQJ LQWHUIDFH DQG IXUWKHU HQKDQFHPHQWV RYHU LWV
SUHGHFHVVRUV
7DEOH7KHSK\VLFDOSDUDPHWHUVIRUWKH7+]'36/
/RQJLWXGLQDO3HULRG G] PP
$]LPXWKDO9DULDWLRQV P 
1XPEHURI/RQJLWXGLQDO3HULRGV [ 
3HUWXUEDWLRQ$PSOLWXGH GU PLFURQV
8QSHUWXUEHG,QQHU5DGLXV U PP

$53KLSSV$-0DF/DFKODQ/=KDQJ&:5REHUWVRQ,9.RQRSOHY$'53KHOSVDQG$:&URVV
'HSDUWPHQWRI3K\VLFV683$8QLYHUVLW\RI6WUDWKFO\GH*ODVJRZ*1*6FRWODQG8.
-$,'HSDUWPHQWRI3K\VLFV8QLYHUVLW\RI2[IRUG2[IRUG2;5+(QJODQG8.
$XWKRU$FFHSWHG0DQXVFULSWWK8&0076HSWHPEHU&DUGLII8.
3XEOLVKHGRQOLQHLQ,(((;SORUH$SULO



7DEOH7KHSK\VLFDOSDUDPHWHUVIRUWKH7+]'36/
/RQJLWXGLQDO3HULRG '] PP
$]LPXWKDO9DULDWLRQV 0 
1XPEHURI/RQJLWXGLQDO3HULRGV ; 
3HUWXUEDWLRQ$PSOLWXGH 'U PLFURQV
8QSHUWXUEHG,QQHU5DGLXV 5 PP

7DEOH7KHSK\VLFDOSDUDPHWHUVIRUWKH7+]'36/
/RQJLWXGLQDO3HULRG G] PP
$]LPXWKDO9DULDWLRQV 0 
1XPEHURI/RQJLWXGLQDO3HULRGV ; 
3HUWXUEDWLRQ$PSOLWXGH GU PLFURQV
8QSHUWXUEHG,QQHU5DGLXV 5 PP

7KH GHVLJQ LV VOLFHG LQWR GLJLWDO OD\HUV VR WKDW D FXUYH LV
µDSSUR[LPDWHG¶E\PDQ\VTXDUHVLGHGVOLFHVZLWKWKHWKLFNQHVV
RIHDFK OD\HU UHSUHVHQWLQJ WKH UHVROXWLRQRI WKDW SDUWLFXODU'
SULQWLQJSURFHVV$W7+]WKHSHUWXUEDWLRQDPSOLWXGHLV
PLFURQVLQVL]H5HSUHVHQWDWLRQRI WKLVVWUXFWXUHZLWKOD\HUVRI
PLFURQVUHVXOWVLQDUHODWLYHO\KLJKOHYHORIDFFXUDF\DQGWKH
ILQLVKHGFRPSRQHQWDSSHDUVWRKROGDKLJKOHYHORIGHWDLOILJ
D,QWKHFDVHRIWKLVVSHFLILFSLHFHVLOYHU7+]'36/
WKHFRPSOHWHSDUWZDVSULQWHGLQZD[DQGWKLVIRUPHUZDVXVHG
WR FUHDWH D PROG LQ ZKLFK DPROWHQ VLOYHU FKURPLXP
DOOR\ZDV VHW7KHUHVXOWDQWFRPSRQHQW VHHQ LQ ILJD
ZDV VXFFHVVIXOO\ LQFRUSRUDWHG LQ D FROG WHVW V\VWHP ZLWK WKH
WUDQVPLVVLRQ RI PLOOLPHWUH ZDYHV PHDVXUHG XVLQJ D 9HFWRU
1HWZRUN $QDO\]HU 7KH RQ D[LV IUHTXHQF\ VZHHS IRU WKLV
GHYLFH LV VHHQ LQ ILJ E KHUH WKH FDYLW\ IRUPDWLRQ SURFHVV
PHDQV WKDWDSRUWLRQRIWKHHOHFWULF ILHOGVWD\VZLWKLQ WKH36/
VWUXFWXUHWRIRUPWKHFDYLW\GXHWRWKLVIDFWWKHUHLVDGLSLQWKH
RXWSXW IUHTXHQF\ VSHFWUXP 7KH EOXH OLQH UHSUHVHQWV WKH
H[SHULPHQWDO REVHUYDWLRQ RI WKLV SURFHVV IRU D 36/ ZLWK
SHUWXUEDWLRQDPSOLWXGHRIPLFURQVZKHUHDVWKHJUHHQDQG
UHG OLQHVUHSUHVHQW36/VZLWKDSHUWXUEDWLRQDPSOLWXGHRI
DQG  PLFURQV UHVSHFWLYHO\ DV VHHQ LQ &67 0:6
VLPXODWLRQV 7KLV GLVFUHSDQF\ EHWZHHQ WKH H[SHULPHQWDO DQG
QXPHULFDOUHVXOWVLVGXHWRWKHIDFWWKDWWKHSHUWXUEDWLRQVLQWKH
PDQXIDFWXUHGFRPSRQHQWGRQRWKDYHDQDPSOLWXGHRIH[DFWO\
 PLFURQV EXW LQ IDFW WKHUH ZLOO EH D GLVWULEXWLRQ RI
DPSOLWXGHVWKDWHTXDOPLFURQV7KHWROHUDQFHLQWKH
SHULRGRI WKH*+]'36/IURP WKHYDOXHVTXRWHGE\ WKH
PDQXIDFWXUHU ZDV    PLFURQV $W  7+] WKH
SHUWXUEDWLRQ DPSOLWXGH ZRXOG EH  PLFURQV VR ZLWK D
UHVROXWLRQRIPLFURQV WKHUHZRXOGEH OD\HUVDYDLODEOH WR
UHSUHVHQWWKHDPSOLWXGHRIWKHSHUWXUEDWLRQRIWKH36/)LJF
GHPRQVWUDWHV WKH UHVXOW RI WKH ' SULQWLQJ SURFHVV ZLWK D '
36/ IRUPHU SULQWHG LQ 9LVL-HW &U\VWDO (;  3ODVWLF 7KLV
IRUPHU UHSUHVHQWV WKH SK\VLFDO VSDFH IURP ZLWKLQ WKH 36/
VWUXFWXUH DQG ZLOO EH FRDWHG LQ D FKURPLXP DGKHVLYH OD\HU
DSSUR[LPDWHO\  PLFURQ WKLFN XSRQ ZKLFK FRSSHU ZLOO EH
HOHFWURGHSRVLWHG7KHRQD[LV IUHTXHQF\VZHHSVHHQ LQD&67
0:6VLPXODWLRQFDQEHYLHZHGLQILJGDW7+]WKHGLSLQ
WKHJUDSKDSSHDUVWREHIDUZLGHUWKDQWKHPRGHOUDQJLQJIURP
DSSUR[LPDWHO\7+]WR7+]JLYLQJDEDQGZLGWKRI
*+]0RYLQJWR7+]WKHDFFXUDF\RIWKHFXUUHQW'SULQWLQJ
SURFHVV GHFUHDVHV DV D VLQJOH SHUWXUEDWLRQ VWUXFWXUH LV
UHSUHVHQWHG E\ RQO\  OD\HUV RI DGGLWLYH PDWHULDO )LJ H
GLVSOD\V WKH UHVXOWDQW VWUXFWXUH DV VHHQ XVLQJ D VFDQQLQJ
HOHFWURQ PLFURVFRSH )LJ I GHPRQVWUDWHV WKH RQ D[LV
IUHTXHQF\ VZHHS IRU WKH  7+] ' 36/ DV VLPXODWHG XVLQJ
&670LFURZDYH6WXGLRDQG LW FDQEH VHHQ LW KDV D IUHTXHQF\
FHQWHUHGDW7+]ZLWKDIUHTXHQF\UDQJH7+]WR
7+]G%SRLQW
 7KH ' 36/ LV GHVLJQHG DV DQ LQWHUDFWLRQ UHJLRQ IRU WKH
IRUPDWLRQ RI D FDYLW\ HLJHQPRGH WKDW LV WKH UHVXOWDQW ILHOG
GLVWULEXWLRQ RI D 70Q 9ROXPH )LHOG 9) DQG DQ LQGXFHG+(6XUIDFH)LHOG6)7KLVLQWHUDFWLRQWDNHVSODFHZLWKLQWKH'36/UHJLRQDQGEHFRPHVWKHEDVLVIRUDQRYHOW\SHRIKLJK
SRZHU %DFNZDUG :DYH 2VFLOODWRU %:2 WKDW XWLOL]HV WKH
&KHUHQNRY LQVWDELOLW\ 7KH DFWXDO PRGHV LQYROYHG DQG WKH
UHVXOWDQW ILHOG FDQEH YLVXDOL]HG LQ $7.¶V 0$*,& 'DQGD
UHOHYDQWH[DPSOHRIZKLFKLVVHHQEHORZLQILJ
 

)LJXUH7KHVHLPDJHVGHPRQVWUDWHWKH9)6)FRXSOLQJZLWKLQWKH36/UHJLRQ
DVVHHQLQ0$*,&'IRUD'36/RIU PPGU PPDQGG] 
PP,PDJHDGLVSOD\VWKH709)LPDJHEGHPRQVWUDWHVWKH+(6)DQGLPDJHFVKRZVWKHUHVXOWDQWFDYLW\HLJHQPRGHVHHQZLWKLQWKHVWUXFWXUH

7KH'36/LVXOWLPDWHO\DPRGHVHOHFWLRQFDYLW\VWUXFWXUH
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)LJXUHD7KH7+]'36/ZLWKDORQJLWXGLQDOSHULRGRIPPUHVXOWLQJLQDWRWDOOHQJWKRIPP0DGHIURPDVLOYHUFKURPLXPDOOR\XVLQJWKH'SULQWLQJ
SURFHVV E 7KHRQD[LV IUHTXHQF\ VZHHS IRU WKH 7+]' 36/ 7KH EOXH OLQH UHSUHVHQWV WKH H[SHULPHQWDO PHDVXUHPHQWV DQG WKH RWKHU WZR OLQHV UHSUHVHQW WKH
VLPXODWLRQVRIWKHVWUXFWXUHRQHZLWKDSHUWXUEDWLRQDPSOLWXGHRIPPJUHHQGRWWHGOLQHDQGRQHZLWKPPUHGGDVKHGOLQHF7KH7+]'36/KDV
ORQJLWXGLQDOSHULRGVRIG] PPDQGD]LPXWKDOYDULDWLRQVZLWKDQXQSHUWXUEHGUDGLXVRIPPG,QWKLVVLPXODWLRQWKHGLSLQWKHJUDSKUHSUHVHQWVDSRLQWRI
UHVRQDQFHIRUWKHILHOGZLWKLQWKHFDYLW\UHJLRQDQGWKHFDYLW\IRUPVDWWKLVIUHTXHQF\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
WKDW XWLOL]HV WKH VWUXFWXUDO GHVLJQ RI WKH FDYLW\ UHJLRQ WR
LQGXFH WKH IRUPDWLRQ RI D SDUWLFXODU FDYLW\ PRGH IURP D
6XUIDFH )LHOG 6) WKDW FDQ WKHQ EH VXSHULPSRVHG RQWR WKH
H[LVWLQJ YROXPH ILHOG 9) ZLWK  WKH UHVXOWLQJ FDYLW\
HLJHQPRGHDYDLODEOHIRUXVHLQIXWXUHH[SHULPHQWDWLRQ7KH
LPDJHV VHHQ LQ ILJ  UHSUHVHQW WKH GLIIHUHQW VWDJHV RI D
SDUWLFXODU LQWHUDFWLRQ SURFHVV ZLWK LPDJH D GHPRQVWUDWLQJ
WKH 70 YROXPH ILHOG WKDW HQWHUV WKH FDYLW\ UHJLRQ DQG LVVFDWWHUHGDW WKHSHUWXUEDWLRQV)LJE UHSUHVHQWV WKH VXUIDFH
ILHOG+(PRGHWKDWLVVHHQDWWKHSHUWXUEDWLRQVDQGILJFLV WKH FDYLW\ HLJHQPRGH VWUXFWXUH WKDW LV IRUPHG IURP WKH
VXSHUSRVLWLRQRIWKHVXUIDFHILHOGDQGWKHYROXPHILHOG7KLV
ILQDO ILHOG GLVWULEXWLRQ LV XVHG LQ D &KHUHQNRY LQVWDELOLW\
LQWHUDFWLRQ WR SURGXFH KLJK PLFURZDYH RXWSXW DW WKH
RSHUDWLQJ IUHTXHQF\ RI WKH GHYLFH 7KH WDLORULQJ RI WKH '
36/VWUXFWXUH¶VSK\VLFDOGLPHQVLRQVDOORZVWKHIRUPDWLRQRI
WKH FDYLW\ HLJHQPRGH IURP WKH GHVLUHG LQSXW ILHOGV ,Q
SDUWLFXODUWKHXQSHUWXUEHGLQQHUUDGLXVIRUFHVWKH70PRGHWREHQHDUFXW±RIIDQGVRLWZLOOH[SHULHQFHVWURQJUHIOHFWLRQ
DW WKHSHUWXUEDWLRQV2WKHU XQZDQWHG70QPRGHVRI ORZHUUDGLDO LQGH[ ZLOO SDVV WKURXJK WKH LQWHUDFWLRQ UHJLRQ DQG
DOWKRXJK WKH\ PD\ LQWHUDFW ZLWK WKH FDYLW\ HLJHQPRGH WKH\
ZLOOQRWH[SHULHQFHVXIILFLHQWUHIOHFWLRQWRIRUPDFDYLW\DQG
VR ZLOO SDVV RXW RI WKH H[LW DSHUWXUH DIWHU D VLQJOH SDVV
1XPHULFDOVLPXODWLRQVFRQGXFWHGLQ0$*,&'FRQILUPWKH
VXFFHVVIXOIRUPDWLRQRIWKHFDYLW\HLJHQPRGHIURPWKH70DQG+(PRGHV
,,, 6800$5<
7KLVSDSHUGHPRQVWUDWHV WKDW WKHDGGLWLYHPDQXIDFWXULQJ
SURFHVV LV QRZ EHFRPLQJ UHOHYDQW IRU PDQ\ DSSOLFDWLRQV
ZKHUH VWDQGDUG HQJLQHHULQJ SURFHVVHV DUH EHFRPLQJ
FKDOOHQJLQJDQGWLPHFRQVXPLQJ'SULQWLQJRIIHUVDYLDEOH
DQGQRYHOZD\RISURGXFLQJVPDOOVFDOHFRPSRQHQWVTXLFNO\
DQG HIILFLHQWO\ DQG DV WKH WHFKQRORJ\ GHYHORSV WKH OHYHO RI
DFFXUDF\DQGGHWDLOWKDWWKLVSURFHVVRIIHUVZLOOLQFUHDVH$V
ZHPRYHLQWRWKH7+]UHJLPHWKLVWHFKQRORJ\PD\EHFRPHD
XVHIXO WRRO LQ WKH FUHDWLRQ RI FRPSRQHQWV DQG VWUXFWXUHV
UHTXLULQJKLJKUHVROXWLRQDQGVPDOOIDEULFDWLRQWROHUDQFHV
$&.12:/('*0(17
7KLV ZRUN LV VSRQVRUHG E\ WKH (QJLQHHULQJ DQG 3K\VLFDO
6FLHQFHV5HVHDUFK&RXQFLO(365&8.7KHDXWKRUVWKDQN
'DYLG %DUFOD\ IRU DVVLVWDQFH LQ WKH PDQXIDFWXUH RI WKH
FRPSRQHQWVXVHGLQWKH91$PHDVXUHPHQWV\VWHP
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